The 'control banding' approach in COSHH Essentials combines the potential for harm with the potential for exposure by inhalation to band measures to control exposure at source, as generic strategies. These are simply adapted to specific tasks and circumstances to produce specific control advice. Where it is not possible or practical to use this control advice, the control bands can suggest adequate respiratory protective equipment using 'protection factors'. Proposals in the paper enable the user to identify the right level of respiratory protective equipment (RPE), and to begin selecting suitable RPE. Selection is made through a formatted questionnaire, enabling the user to give the right facts to the supplier. COSHH Essentials applies mainly to exposure by inhalation. However, skin exposure is very common and uptake via the skin can be an important contributor to body dose. This paper examines the factors concerning skin exposure, and the options for banding the potential for harm to the skin or via the skin. Proposals have then been made for dermal exposure control. Planning for emergencies is an important facet of risk control. Proposals are outlined to band chemical hazards for emergency planning according to a minimum of information, i.e. the danger symbol on a product label.
INTRODUCTION
This paper describes proposals for further developments of COSHH Essentials (CE) that were outlined at the Control Banding Workshop, held in London in 2002. The proposals concern:
• the selection and use of respiratory protective equipment; • consideration of skin exposure, chemical protective gloves and coveralls; • identifying first aid measures for accidents involving chemicals.
The Control of Substances Hazardous to Health Regulations (COSHH) were first made in 1988. These set out the framework for the prevention or adequate control of exposure to substances (including chemical agents) that present risks to employees' health (HSE, 2002a) . The framework included the role of occupational exposure limits (OELs) in assessing the adequacy of exposure control. There are ∼600 substances in the current list of OELs (HSE, 2002b) . However, there are approaching 3000 substances listed in the Approved Supply List (HSE, 2002c) and over 100000 substances listed in the European Inventory of New and Existing Chemical Substances (EINECS: http://ecb.jrc.it/existing-chemicals/). The vast majority of these substances have neither official nor in-house OELs.
Large companies, and a large proportion of health and safety professionals, use COSHH and OELs. They have the expertise and knowledge to interpret the law, to set in-house OELs and to apply these as appropriate for risk control. However, small and medium-sized enterprises (SMEs) employ ∼90% of the UK workforce, and a significant proportion of these SMEs regularly use chemicals. Health & Safety Executive (HSE) research showed that industry's perception and knowledge of OELs was limited and that they played little part in workplace risk management . The same research found the use of personal protective equipment (PPE) to feature strongly.
The COSHH Approved Code of Practice (ACoP) (latest edition: HSE, 2002a) interprets the law and gives guidance on compliance with 'goal-setting'. The ACoP was developed in consultation with experts and social partners. Further research indicated that to put the ACoP into practice was also outside the capabilities of many SMEs (Hudspith and Hay, 1998; Russell et al., 1998) . Clearly, SMEs needed different material to help them meet their duties under COSHH and the Health and Safety at Work Etc. Act (HMSO, 2001) .
HSE identified criteria to develop new approaches that SMEs could use:
• the approach should deliver practical help to SMEs; • the best use should be made of any available hazard information; • the approach should be easy to use and understand; and
• any information needed should be readily available to SMEs.
These criteria led to a number of developments including the COSHH Essentials-easy steps to control chemicals (Russell et al., 1998; HSE, 1999a) . The paper version was adapted for the Internet in 2002 (URL: http://www.coshh-essentials.org.uk/).
COSHH ESSENTIALS
COSHH Essentials is a generic scheme for identifying suitable approaches for control at source, to reduce exposure by inhalation. The CE scheme allots health hazards to one of five Hazard Groups (Table 1) using European-wide health risk phrases assigned through the Chemicals (Hazard Information and Packaging for Supply) Regulations (HSE, 2002c) and the Guide to Classification (HSE, 1999d) . It is envisaged that the International Labour Organization (ILO) may take initiatives to bring a uniform approach to the classification of risk phrases.
The potential for inhalation exposure is classified as shown in Table 2 , through four 'physical property' bands and three 'amount (quantity) used' bands.
The Control Approach is allocated according to the Hazard Group and Exposure Band using the assignment table in Appendix 1 (HSE, 1999a) . There are four Control Approaches (control bands) for substances and preparations (products).
For a range of tasks, the Control Approach leads to good practice control advice sheets, termed 'Control Guidance Sheets' (CGSs). These sheets set out as simply as possible just those elements that are essential to controlling exposure for a specified substance in a specified task.
RESPIRATORY PROTECTIVE EQUIPMENT (RPE)
Many of the CGSs in CE carry a statement that 'RPE should not normally be necessary for routine operations'. This statement is true if the control is in place: the requirement for adequate control of inhalation exposure has been met. However, the use of RPE is common. There are also tasks such as cleaning and maintenance, where RPE might be needed; these are not included within CE. Also, there are a number of circumstances where the control required will not be reasonably practicable. For example, a large one-off work piece needs to be painted, but cannot fit into a laminar flow booth; emptying dust collection equipment would normally require RPE. There are other reasons for selecting RPE, e.g.
• when the employer is in the process of installing the control recommended by CE; (HSE, 1998) . But in order to select 'adequate' RPE, the procedure described in HSG53 requires a knowledge and understanding of OELs, which defeats the objective of simplicity and goes against the research findings (Hudspith and Hay, 1998; Russell et al., 1998) . That procedure is as follows:
The employer should measure or estimate airborne concentrations, and compare these against published OELs or to an in-house OEL to determine the minimum protection factor (MPF) required from RPE. Minimum protection factor required = workplace concentration ÷ maximum allowable concentration inside the RPE face-piece.
The calculated MPF is compared with protection factors (see Note) listed in Tables 1 and 2 of HSG53, to identify a range of RPE that is 'adequate'-to provide the required protection. From this range of equipment, the employer would choose the 'suitable' RPE by taking account of the wearer and workplace requirements. For example, a respirator with a tight fitting facemask is not suitable for a person with beard in the region of the face seal, even though the criteria for adequacy may have been met.
Note: Protection factors in HSG53 have been adopted from BS4275 (BSI, 1997) and the term is defined as 'level of respiratory protection that can be realistically expected to be achieved in the workplace by 95% of adequately trained and supervised wearers using a properly selected, fit tested, correctly maintained and functioning respiratory protective device (equipment)'.
A simplified proposal for selecting RPE
This proposal recommends MPF based on the chemical hazards and the physical nature of the substance, with the user providing (via a checklist) to the RPE supplier, sufficient information for that supplier to offer a selection of suitable RPE, and from which selection the user may make the purchase. Therefore, the proposal is not dependent on the knowledge and understanding of OELs and the measurement of workplace airborne concentrations.
The proposal is based upon the principles established for CE, using the same inhalation Hazard Groups (Table 1) , potential exposure bands (Table 2) and the dustiness and volatility bands (Table A2 ). The Technical Basis to CE gives a target airborne concentration range for each Hazard Group (Brooke, 1998) . The upper boundary concentrations for each Hazard Group are reproduced in Table 3 .
It is considered that the upper boundary concentrations should be the highest allowable exposure concentrations for dusts and vapours. With these values as a guide, a 'minimum protection factor' table for the selection of 'adequate' RPE (Table 4) was devised. Table 4 was assembled using the experience and expert opinion from RPE manufacturers, occupational hygienists and HSE.
There is only a limited set of protection factor values (4, 10, 20, 40, 200, 2000) assigned to different classes of RPE and the minimum protection factors in Table 4 were set at these protection factor values, each of which corresponds to a few types of RPE.
For CE Hazard Group E, and wherever else that the CE assessment results in Control Approach 4 (seek specialist advice), the proposal for selecting RPE offers a route to maintaining consistency and transparency.
Having identified the appropriate MPF, the user can easily produce the other information that is necessary for selecting 'suitable' RPE. The inform- ation needed is shown in Table A2 ; this will form part of new CGSs for RPE. However, it is important to test this proposal to assure a high degree of applicability. The MPF recommended from Table 4 must be capable of controlling exposure at or below the upper boundary concentration for the relevant substance and Hazard Band (see Table 3 ). Table 5 presents a few results from an exercise to assess the applicability of the proposal through a limited number of examples.
COSHH ESSENTIALS AND DERMAL EXPOSURE
The main focus of the current version of CE is to recommend suitable controls for exposure by inhalation. It produces outline advice only on protecting the skin and eyes, in the CGSs nos S100 and S101. S100 General advice on chemicals causing harm by skin or eye contact S101 Selection of personal protective equipment (general advice)
Any one of the health risk phrases in Table 6 prompts the user to consult both S100 and S101. There is no differentiation between substances affecting the skin and substances taken up via the skin. S100 and S101 require further development, so that users receive advice on selecting suitable chemical protective gloves and/or coveralls, and procedural controls. But there are a number of points to be borne in mind before considering skin exposure and control guidance.
Skin hazard
The European system for classification of dangerous substances has developed over several decades. Many substances had been classified before the data were available to assess against the criteria for risk of uptake via the skin. However, even for single substances that are adequately classified, there remains considerable uncertainty over the capacity for preparations (mixtures) to permeate the skin. Poorly penetrating substances can be carried through with highly penetrating substances, and the effect of skin irritation in promoting uptake is not clear.
Some risk phrases for systemic toxicity endpoints have no exposure route indicator. Examples are R40 (limited evidence of a carcinogenic effect) and R61 (may cause harm to the unborn child). Such risk phrases usually concern relatively severe hazardous properties that can potentially become risks through dermal exposure.
It is suggested, therefore, that unless there is positive evidence that this is not so, most preparations and many individual chemical agents will have the potential for uptake via the skin. This includes substances listed as having effects on the skin.
Proposal for banding of skin hazard
It is proposed that there should be three skin hazard bands. The allocation of risk phrases to skin hazard bands takes account of the same key factors as used in developing CE scheme for inhalation:
• Does the toxicological endpoint have an identifiable dose threshold? This covers the risk phrases for acute and repeated exposure, and reproductive toxicity, mutagenicity and carcinogenicity. The relative rankings for systemic toxicity (risk via the skin) are consistent with the rationale for inhalation hazard ranking that has received general acceptance. The risk phrases include all health hazards.
Banding is based on a judgement that more stringent controls should be applied to substances classified as very toxic, toxic to reproduction and carcinogenic (category 3), etc. The three hazard bands proposed for dermal exposure are:
Lower skin hazard band. This covers substances in inhalation Hazard Groups A-C (Table 1) . However, R37, which indicates respiratory tract irritation, has no relevance to the dermal route of exposure and is ignored by this scheme. Corrosivity, indicated by R34 or R35, is a more severe health effect and these are assigned to the higher skin hazard band. Skin sensitization (R43) is a serious adverse effect and would produce advice on skin surveillance. Rigorous control measures are necessary to minimize skin exposure as far as possible. Therefore this will be placed in the highest skin hazard band.
Higher skin hazard band. This covers substances in Hazard Group D and R34 and R35.
Highest skin hazard band. For consistency with the inhalation scheme, this covers substances classified as mutagenic and carcinogenic (categories 1 and 2). R43 is also placed in this band. While respiratory sensitisation (R42) also falls into this band, this effect is not necessarily expressed through skin exposure. For chemicals in this band, the recommendation is to seek specialist advice. Table 7 summarizes the proposals for banding by health risk phrase and for dermal deposits that give cause for concern. 
Modes of skin exposure
The pathways for dermal exposure may be summarized as one or more of:
• Primary exposure (direct contact); this includes hand immersion.
• Primary exposure (deposition); contaminants impact or settle on the skin by splash, aerosol deposition or by penetrating clothing.
• Secondary exposure (indirect contact); skin contact with contaminated objects or surfaces.
It is clear that the control approaches used for inhalation do not affect dermal exposure in the same way:
• General ventilation (control approach 1) may disperse aerosols, but will not affect splashes, direct contact or secondary exposure.
• Engineering control (control approach 2) such as local exhaust ventilation (LEV), has little or no effect on direct contact or secondary exposure, but should abate deposition.
• Containment (control approach 3) is effective until it is breached, e.g. for sampling or cleaning.
There is a further dimension, not necessarily applicable to exposure by inhalation. That is, post-use, when secondary skin exposure (e.g. contact with contaminated PPE) is likely to occur.
Duration of exposure and the role of PPE
Recent information on the duration of skin exposure shows this to be a complicating factor in banding skin exposure. Even transient dermal exposure can lead to prolonged uptake (Akrill et al., 2002) . A biological monitoring study, by the same authors, showed that the urinary metabolite profile following exposure of one hand to a 15% solution of N-methylpyrrolidone in water for 15 min was almost identical to the profile for an 8 h exposure at 10% of the OEL (10 mg/m 3 ). The skin acted as a reservoir.
Any penetration of coveralls or protective gloves leads to prolonged exposure. Hitherto, most research on protective gloves had concentrated on permeation and durability. For solvents in particular, these are important issues. However, the data showed that chemical agent (pesticide) penetration inside protective gloves was common, if not inevitable, for dusts, water-based and solvent-based products alike (Garrod et al., 2001 ). More recent research has shown that much of this penetration occurs the second time that a pair of chemical protective gloves is put on. The hands become exposed through handling contaminated gloves. The resultant hand exposure inside gloves is prolonged and occluded (Rawson et al., 2002) . It is clear that dermal exposure is practically inevitable when using chemicals outside containment, even using PPE (HSE, 1999b (HSE, , 2002d ). As proposed above, it is not practicable to differentiate duration, as prolonged uptake can follow transient exposure.
It is possible to estimate potential and actual dermal exposure assuming a pattern of use (e.g. 1 h), and a specified activity (e.g. handling wet objects, airless spray painting) while wearing two layers of work clothing (coverall plus long shirt and trousers) and protective gloves.
The 75th percentiles from data models (HSE, 1999b (HSE, , 2002d Garrod et al., 2001) Hence, a significant proportion of the total skin exposure to chemical agents is likely to occur inside protective gloves. The estimated actual total dermal exposures are ∼500 mg/h for dipping and for spraying. This is of concern for both solids and liquids in all dermal hazard bands. Meanwhile, the risk of sensitization may well be related to the frequency of use.
Since a transient skin exposure can result in significant uptake over a prolonged period, it is unsafe to distinguish between short-, medium-and long-term skin exposure. The only exposure durations for banding purposes might be the single splash, wiped off immediately, and all other circumstances. It is difficult to envisage how this might be used in banding skin exposure.
Rules for skin exposure risk
It is not currently feasible to band dermal exposure patterns in the same way as inhalation exposure (physical form and liability to become airborne). However, the following proposals for amending CE (to take dermal exposure into account) emerge from the analysis above.
• For control approach 3 (containment), additional information is needed if that containment is breached.
• For control approach 2 (engineering control), where a substance is classified as corrosive and the amount used is medium or large, then control approach 3 is the correct choice for skin exposure.
• For control approach 1 (general ventilation) or 2, when the amount of substance used is small and classified as R34/35, R41 or falls into inhalation health hazard band D, then specific guidance on the control of skin exposure is needed.
• The automated feature in the electronic version of CE, causing a reduction in control approach from 3 to 2 through short-term usage (<30 min), should be removed to account for skin exposure risks.
• Where a skin sensitizer is used with a frequency of more than once a month, then a routine for skin surveillance is appropriate.
• In making mixtures, it is necessary to detect where the concentration falls to <0.1% for an ingredient labelled as sensitizing to skin. • Information is needed on the body area in contact with chemicals and task factors.
Skin exposure risk management-advice
While noting that there are no data that show the controls for higher risks give less exposure than the controls for lower risks, a tentative banding of advice according to hazard could developed the following outline:
Lower skin hazard band Process-related: process modification, substitution of physical form Procedural: segregation, cleaning routines, training, hygiene procedures, laundry, skin care programmes, and PPE (including disposable gloves where practicable). Also skin condition reporting.
Higher skin hazard band
Process-related: full containment (derogations for small amounts of corrosive and CE hazard group D substances-see rules for skin exposure risks).
Procedural: in addition to the lower risk procedures, controls such as biological monitoring and permits to work to breach containment.
Selecting gloves
A CGS will be produced. The information to be supplied to the glove supplier is given in Table A2 .
Selecting other PPE
A modified CGS will replace the current CGS 101.
Skin surveillance
This is a set of advice to help the user to select occupational health support and will be described in a new CGS.
Highest skin hazard band
Seek specialist advice A proposed framework to generate these outputs appears in Fig. 1 . Based on this, relevant control guidance sheets will be produced as follows: S100-General advice (lower skin hazard band) S101-Selecting protective gloves S102-Selecting protective clothing S200-General advice (higher skin hazard band) S400-Special advice (highest skin hazard band) S403-Skin surveillance (R43)
EMERGENCY PLANNING -FIRST AID
Focus group and interview research with SME users have shown that they felt a need for simple advice on first aid and minor emergencies (HSE, 2002e) . The wish for such advice on chemicals had been unforeseen. However, other enquiries into SME users' views on the use of Safety Data Sheets have shown that these are difficult to understand and are not useful in prompting action.
The danger symbols on the product label are one of the clearest pieces of information about danger. There may be two sets of icons:
• the UN danger signs as set out in the Approved Carriage List L90 (HSE, 1999c); • the danger symbols as set out in Schedule 2 of the CHIP Regulations.
The UN classification is relevant specifically to transport and storage. For the purposes of this initiative, the CHIP danger symbols (Table 8) were chosen because these apply to a greater range of packages, to all layers of packaging and have more detailed application to health.
Hazard banding for first aid
Investigation showed that there is the potential to band hazards, based on the hazard symbol, to produce advice on first aid. The routes of concern for health are inhalation, ingestion, substance on the skin, in the eye or injected. A scheme for banding for safety (storage, leaks) is under consideration.
It became clear that where there were single symbols applied to a product, the first aid remedies fell into groups. Where there are multiple symbols, a system implementing the scheme could default to the most stringent advice.
The hazard bands for first aid are numbered R, S, T, U and V to differentiate them from all other inhalation and skin hazard bandings in CE. They are not necessarily arranged in order of ascending concern, since the routes of contact might not be of equally ascending significance. Table 9 indicates the proposed Table 10 suggests the advice to be assigned advice to each of these bands, in respect of first aid following inhalation, ingestion, skin exposure, eye exposure and injection.
DISCUSSION

Respiratory protective equipment
The proposal is unsuitable for selecting RPE against biological agents or radioactive substances, although the approach could be used for selecting RPE against asbestos and lead. It may be possible to adapt the scheme for selecting RPE against process emissions or hazardous natural substances that do not carry a CHIP classification, though that is outside the scope of this paper and CE.
The control approaches for inhalation (Table A1 ) are associated with progressive 10-fold reductions in the predicted exposure. Control approach 3 (containment) is expected to give 100-fold reduction over control approach 1 (general ventilation). Consequently, breaching containment would require RPE with a minimum or assigned protection factor (APF) of a similar magnitude, within the constraints of what is available on the market.
It is important to note that the proposals in this paper cannot help in predicting the useful life of a respirator cartridge. However, developing such advice is under consideration.
The minimum protection factors recommendation (Table 4) can be compared with the HSG193 control approach assignment table (Table A1) . Usefully, the derivation of the control band (control approach) and derivation of the 'minimum protection factor' for RPE requires the same set of information.
Control of skin exposure
Hazard banding for exposure of and via the skin needs to take account of the fewer options for control. Although the duration and the physical form of substances are important, these are less important for establishing skin exposure control measures. Procedural issues (such as method statements, personal hygiene and health surveillance) attain enhanced importance for more hazardous substances. Other matters, such as the type of work and human factors, are also critical in understanding how skin exposure occurs.
Skin exposure will occur, even with stringent measures. It is incorrect to state that the proposed measures give increasing 10-fold protection, as is the case for inhalation control approaches. At present, there are insufficient data to allow assessment of the level of health protection that is provided by these control solutions. Biological monitoring is a solution to this problem. Biological monitoring needs to become more widely used, to assess the adequacy of control, and to gather data to establish uptake and elimination kinetics for different types of substance. A considerable set of biological monitoring data will be required to determine whether the proposed hierarchy of controls is adequate to limit exposure via the skin. In summary, hazard banding is feasible, exposure banding is not, and control banding for skin cannot at present be done with any rigour, but it is feasible to provide suitable control guidance sheets for dermal exposure control
Emergencies (first aid)
The proposal for planning first aid measures is simple and is based on CHIP classification. The first aid advice does not take precedence over expert knowledge in health care or emergency management.
CONCLUSIONS
It is feasible to band the risks and give advice on the control of residual inhalation risks through RPE. The selection of RPE is a specialized task, but the user can be prompted to provide the supplier with all necessary information.
It is feasible to band the hazards to skin, but the risk cannot be banded yet. More data, particularly the uptake through biological monitoring, are needed. All products should be assumed to show risk to or via the skin, so precautionary procedures and PPE are always needed. Skin surveillance is necessary where skin sensitizers occur in products-even low concentrations of sensitizers can be important because concentrations increase as products dry. Glove selection is important, as is regular laundry of work clothing and issues such as personal hygiene and skin care.
Health hazards can be banded for emergencies (first aid), to produce a limited set of advice for planning purposes. Planning and training is preferable to searching through a set of instructions in the event of an emergency.
